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ABSTRACT
The first and last mile problem of public transport is an area of growing research interest as cities
confront challenges to improve public transport alternatives to support urban activities. First and
last mile solutions such as cycling are becoming increasingly popular in many cities around the
world as a cheap and environmentally friendly solution. Investments in bicycling infrastructure
provide cyclists and potential cyclists a safer environment to cycle to work and to public transit
nodes. Singapore is also rolling out its National Cycling Plan with dedicated bike paths in
residential towns and bicycle parking lots at Mass Rapid Transit (MRT) stations, hoping to use
cycling as a potential first mile solution to encourage more people to cycle as a feeder mode for
public transport.
This thesis provides a preliminary investigation of bike infrastructures as a first mile solution by
examining MRT ridership during morning peak hours. A multivariate regression model predicts
MRT ridership as a function of bike infrastructure variables, controlling for other modes of
access, built environment characteristics, and socio-economic and demographic factors. The
models find that bike paths connecting to and bike lots located at MRT stations in Singapore are
statistically insignificant in explaining MRT ridership variation. This could be due to the infancy
of the bike infrastructure resulting in poor bike-to-transit usage. However, a 'porousness' measure
of walkability near the stations was significant. While there are limitations on the data and
shortcomings in the approach, this research identifies many potential areas of further
investigation into the first and last mile problem of public transport.
Thesis Supervisor: Chris Zegras
Title: Ford Career Development Associate Professor of Transportation and Urban Planning
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I Public Transportation and the First and Last Mile Problem
1.1 Background
Major cities around the world have some form of public transport network to meet the
transportation needs of its citizens and support the myriad of activities that take place
every day. In recent years, the growing emphasis for cities to develop in a sustainable
manner has led to an increasing focus on the role of public transport and how it can also
play a part in cities' sustainable development agenda.
In Singapore, the public transport system is made up of the Mass Rapid Transit (MRT),
Light Rail Transit (LRT), public bus routes and taxi services. A hub-and-spoke model is
adopted where buses and Light Rail Transit (LRT) serve as feeders to bring people to
transfer hubs (i.e. MRT Stations or bus interchanges). Heavy travel demand corridors
and long distance trips are served by the MRT and trunk bus services provide access to
areas not well served by the rapid transit system (LTA, 2008)
With limited land resources, an important consideration for sustainable development in
Singapore has been to make the best use of the limited land so that we can still
accommodate all the varied uses and support all the necessary activities for live, work
and play without compromising the ability of future Singaporean generations to do the
same.
According to the Department of Statistics (SingStat), Singapore's total land area stands
at 714.3sq.km as of 2011 with an average population density of 7,257 persons per
sq.km. (Singstat, 2011). In 2008, the Land Transport Authority of Singapore (LTA)
published the Land Transport Master Plan (LTMP) outlying strategies for land transport
development in Singapore up to the year 2020. In the publication, the amount of land
dedicated to road space was reported to be at 12% and this was comparable to the total
area dedicated to housing (which was about 15%). At the same time, the LTMP also
reported declining public transport mode shares between 1997 and 2004. The falling
trend was also observed in the latest Household Interview and Travel Survey (HITS) in
2008 (Choi & Toh, 2010). In order to preserve valuable land resources for the country to
support other uses and activities, the demand for private transport and road space
needs to be controlled.
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In order to position public transport as a choice mode, one of the key proposals in the
LTMP was to expand the MRT network from 175km as of end of 20111 to 278km by
2020. Doing so would allow more Singaporeans to have greater access to the stations
and also relieve the congestion on the existing MRT. However, like other public
transport systems around the world, the public transport system in Singapore suffers
from not being as efficient as the private automobile in providing individuals a flexible,
single mode and "door-to-door" commuting experience. Journeys completed using the
public transport mode requires commuters to switch modes at the connecting ends of
the journey (i.e. between the origins to the station at the access end and between the
stations to the destinations at the egress end). As a result, there could be disutility
created from additional waiting and transfer times, service reliability and inflexibility that
can erode the overall appeal of public transport.
The connecting ends of the public transport journey form what is known as the first and
last mile of public transport. The problems associated with these connecting ends such
as additional waiting times and service reliability issues are seen as the weakest links in
public transport chain and strongly influence the availability and convenience of public
transport (Krygsman, Dijst, & Arentze, 2004). Essentially, this constitutes the first and
last mile problems (FLMP) of public transportation.
Cities around the world have tried various strategies to deal with the FLMP. In a report
submitted to the Southern California Association of Governments (SCAG) in Dec 2009,
Nelson\Nygaard Consulting Associates compiled a comprehensive list of first and last
mile strategies to maximize mobility in the city of Los Angeles. These strategies include
car sharing, car-pooling, taxis, short-term car rental, folding bikes on transit, and bike
sharing programs (Nelson\Nygaard, 2009). In other parts of the world such as the
Netherlands and China, cycling has been and still is an important part of the
transportation system. Other major cities like Paris and London are also jumping into
the public bike sharing bandwagon with their respective bike share programs Velib and
Barclays Cycle Hire.
Rail length includes LRT systems in Sengkang-Punggol and Pasir Panjang
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In Singapore, FLMP solutions have been quite limited as the general public
transportation policy depends largely on buses as feeders to the MRT system.
However, in recent years, cycling as a recreational activity and also as a form of
commute to work is becoming increasingly popular. This is seen in many cities like
Boston, London and Paris having their own bike share schemes. Responding to calls for
more provisions for cycling in Singapore, LTA has included in the LTMP plans to
facilitate cycling by leveraging on existing infrastructure such as the park connector
network to bring cyclists to transport nodes like MRT stations and bus interchanges
where bicycle parking will also be provided. Since the LTMP, a major development in
planning for cycling is the launch of the National Cycling Plan in Feb 2009. Under this
plan, $35 million will be spent to build dedicated cycling paths in 7 Housing
Development Board (HDB) towns to link commuters to transport nodes and major
amenity centers (LTA, 2010a). However, the link between cycling provisions and its
impact on public transport in Singapore is not well established. Given the public
investment necessary and the amount of land space that cycling infrastructure will
require in land-scarce Singapore, there is a need to better understand the relationship, if
any, between cycling infrastructure investments and increased public transport
accessibility.
1.2 Objective
The objective of this research is to understand the relationship between the first mile of
a commuter's journey on the public transportation system and its impact on public
transport ridership in Singapore. Specifically, it aims to reveal evidence of cycling as a
first mile solution for Singapore's MRT. To do so, the following questions are asked:
Why is there a need to address the first mile issue?
What are the available measures of the first mile and what are the available
metrics to measure public transit ridership?
What are the appropriate methods to establish a link between the two?
What relationship between the first mile and public transport ridership can be
expected and how do these findings inform development of public policy and
infrastructure investment decisions with regard to the first mile?
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What are the limitations of the methods employed in this research and how might
such studies be improved in the future?
1.3 Scope of Study and Organization
The MRT system forms the backbone of the public transport system in Singapore. While
there is also the public bus system, buses play a subservient role and are viewed as a
system which complements the MRT. As such, this thesis will emphasize ridership on
the MRT system as a measure for the effectiveness of first mile solutions.
As the proposals under the National Cycling Plan are essentially implemented within
HDB towns and attempt to improve connectivity between homes and transport nodes,
the thesis will focus more on aspects of the first mile instead of the last mile.
While first mile problems are associated with all forms of public transport trips, this
thesis will also focus more selectively on trip making during the morning peak hour on a
weekday as this is typically associated with the highest travel volume between homes
and the MRT stations and where it may be more likely to observe the impact of first mile
solutions. Another reason for selecting the morning peak hour is the government's use
of morning peak hour mode share on the public transport system as a key performance
indicator and for target setting2.
A review of literature on factors influencing transit ridership and cycling as a feeder
mode will be provided in Chapter 2. Chapter 3 provides an overview of the Singapore
HDB towns, public transport network and recent developments in cycling. Research
data and methodology will be covered in Chapter 4. Chapter 5 discusses the results
from the regression models estimated to relate bicycling infrastructure and MRT
ridership in Singapore. The chapter will also discuss the implications for planning for
solutions to overcome first mile problems in Singapore. Lastly, Chapter 6 will conclude
the research with a critique and provide suggestions for future directions in the area of
first and last mile research.
2 Under the Land Transport Master Plan announced in 2008, LTA targets to increase public transport
mode share during morning peak hours to 70% by 2020.
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2 Literature Review
2.1 First and last mile of public transport - a definition
First and last mile issues essentially refer to connectivity between public transport
nodes and the user's origins and destinations. This connectivity issue exists because
public transport service cannot be supplied at a level that is readily accessible and
immediately available to the user at a level that is similar to the experience of having a
car and being able to drive it at any time to anywhere. For example, at the current state
of technology, it is inconceivable for a single metro system to stop at the entrance of
every home or allow each commuter to alight at the doorstep of his destination. Users of
public transport often have to find ways to bridge the divide between their destinations
and public transit nodes. If bridging the divide becomes onerous for user, the appeal of
public transport to the user or potential users will decline.
Scans of current literature for definitions of the last mile often return with definitions of
last mile in the field of telecommunications. These definitions often describe the last
mile as the last leg of service connectivity to the end user. The actual distance of this
final leg can be more or less than a mile.
In the context of public transport, the term "last mile" has been referred to from time to
time and there is growing interest in this issue as researches seek to better understand
its influence on public transit use. Yet, the current state of literature has not established
an accepted common definition for first/last mile with respect to public transport
research. First and last mile issues are commonly studied in terms of access and
egress trips to and from a public transport station. Martens (2004) referred to access
trips as home-end trips and egress trips as activity-end trips. Krygsman et. al. (2004)
also focus extensively on access and egress trips and their potential in reducing public
transport trip times although they did not provide a clear definition. In exploring the role
of the bicycle as an access mode, Rietveld (2000) referred also to entry and exit modes
to a transit station with entry meaning access and exit meaning egress.
First and last mile definitions currently can also be inferred based on problems that have
been observed and which solutions have been conceived. For example,
Nelson\Nygaard (2009) talked about first mile / last mile barriers for commuters who
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"could potentially take transit but whose starting point or final destination cannot be
conveniently accessed from the nearest transit stop/station due to distance, terrain
(hills, street patterns), or real or perceived safety issues (traffic, crime)"
(Nelson\Nygaard, 2009). The inferred meaning for first and last mile in this statement
relates to the ability or difficulty in connecting the commuter between his origin/
destination and the transit node.
The various definitions for first and last mile generally converge, revolving primarily
around connectivity between homes or destinations of commuters to the main transit
node. Building from the various precedents, I propose the following definitions:
First mile of public transport - In a journey originating from the home, the first
mile of public transport refers to connectivity between the origin (home-end) of a
user's journey and the main public transport mode stop or station (see Figure 2-
1).
Last mile of public transport - In a journey terminating at a workplace or other
destinations, the last mile of public transport refers to connectivity between the
main public transport mode stop or station and the destination (trip-end) of a
user's journey (see Figure 2-1).
User - Refers to any person using the public transport system for trip making
Main public transport mode - In a long journey using public transport, a main
mode of public transport is the mode that the user relies on to cover the longest
section of the journey. This mode could be by train or trunk buses or any
combination of the two (see Figure 2-1).
Adopting the above definitions for first/last mile has the following implications for this
research:
The user's first mile commences from the time of his departure from his home
and ends at the time of his arrival at the transport node where he transfers to the
main mode. It includes the travel time, cost and experience (including waiting)
associated with whichever mode used to access the transport node. It excludes i)
his experience within the node/ station; ii) his waiting time for the main mode; and
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iii) his experience and time spent on the main mode as they are treated as a
characteristic of the main mode which are independent of first mile factors.
The commuter's last mile commences from the time of his departure from the
transport node to the time of his arrival at his destination. It includes the travel
time, cost and experience (including waiting) associated with whichever mode
used to access the transport node.
Any forms of transport that function as feeder services connecting the user from
his home/destination to the public transport node is treated as part of the first/
last mile of the journey. In the context of Singapore, this includes feeder bus
services and light rail transit (LRT) which ferry passengers to MRT stations from
more distant parts of the town.
ACCESS MAIN EGRESS
MODE MODE MODE
HOME STATION STAT1ON DESTINATION
FIRST MILE LAST MILE
Figure 2-1 - Depiction of first and last mile
2.2 The first and last mile of public transport and its importance in the
public transport trip chain
A trip made on public transport usually requires the user to utilize more than one mode
of transport. Some research differentiates between the use of multiples modes within a
given time period as multimodal and use of multiple modes within the same trip as
intermodal (Block-Schachter, 2009). In this thesis, I used multimodal to refer to using
multiple modes within a single trip or tour..
The attractiveness of public transport as a mode therefore depends not just solely on
the quality and attributes of the main mode but also on the quality and attributes of the
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entire multimodal chain. Researchers studying the multimodal public transport chain
have generally found the connecting ends to be its weakest link and that they can
significantly influence the overall appeal of public transport given their substantial
contribution in terms of travel time and travel discomfort (Krygsman, et al., 2004)
(Rietveld, 2000).
In a typical public transport trip, connectivity issues can be identified at multiple sources.
For example, the commuter could find disutility in the low speed modes of walking and
cycling which also require additional physical effort compared to faster modes such as
the automobile. Walking and cycling in extremely hot or extremely cold climate may also
cause discomfort and add to the displeasure. In waiting for feeder bus services to travel
to the transport node, additional waiting times are also incurred. Service reliability can
also be an issue if the commuter is not able to board the bus due to congestion or if the
bus is not following the prescribed schedule. As a public service route, the feeder bus
often travels on a less direct route to the transport node and this will be considered
negatively by the commuter (Rietveld, 2000). At the transport node, transferring
between modes also incurs transfer penalties (Zhan & Wilson, 2004). Even the quality
of the transport nodes and facilities can become a factor that erodes the appeal of the
overall commuter experience in public transport (Givoni & Rietveld, 2007).
The combined effect of these weak links in the multi-modal transport chain especially at
the connecting ends causes the public transport mode to be seen as inconvenient when
compared to the private automobile. However, if these weaknesses can be overcome
by implementing measures that can improve the experience of walking, cycling or taking
feeder buses to transit nodes, there is potential to overcome first and last mile problems
and increase the appeal of public transit. Some of these measures will be discussed
further below.
2.3 Catchment Area of Transit Station and Station Access Modes
For any given transit station, its total potential user base comes from a geographical
area known as the catchment area. The size of this catchment area is affected by
several factors. The first factor is the number of access or egress modes that are
available to the commuter at the home end or the destination end of the trip. Stations
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which have more modes have the ability to attract people from more places and hence
this increases the size of the catchment area.
The second factor is related to the characteristics of the access/ egress modes. Stations
which allow motorized modes such as feeder buses and parking facilities for park and
ride users for access and egress will have a larger catchment than those which rely
purely on non-motorized form of access modes such as cycling and walking. Assuming
the modal speed characteristics in Table 2-1, Figures 2-2 and 2-3 show the size of the
catchment that correlate to each mode in an equivalent 5-minute travel time to
Tampines MRT station in Singapore. Clearly, there is a strong case to design for modes
with higher speeds to access the station. Even for cycling, the size of the catchment
based on network is almost twenty times that of the walk catchment area!
Even within each access mode and its corresponding catchment, there could be specific
factors that affect its catchment area. For example, in Jinan China, studies have shown
that the walk catchment area is affected by street design, density, distance to CBD and
station typology (Jiang, Zegras, & Mehndiratta, 2011).
Table 2-1 - Modal Speed Characteristics
Mode Average Distance Total catchment area Total catchment area
Speed covered in based on Euclidean based on network
(km/hr) 5min (m) buffer (ha) buffer (ha)
Walk 5 417 55 21
Cycle 20 1,667 873 408
Public Bus 30 2,500 1,963 867
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Figure 2-2 - 5-minute euclidean buffers of various modes around Tampines MRT Station
Figure 2-3 - 5-minute network buffers of various modes around Tampines MRT Station
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The third factor which affects the size of the catchment is the inter-station spacing. For
stations that are generally further from other stations, their catchment areas tend to be
larger than stations that are located closer together as there will be a higher likelihood
for the latter to have overlapping catchments. However, it is important to qualify that
stations that have a smaller catchment due to proximity to other stations may not mean
that they suffer from lower patronage. For instance, in the case of downtowns where
there is higher density development, smaller catchments for stations located in the
downtown are compensated with higher density development which generates higher
ridership per unit area.
The preceding argument therefore leads us to further study the modes used by
commuters to access the stations. Research on public transport tends to observe the
decline of public transport mode share as access distance increases (Keijer & Rietveld,
1999; O'Sullivan & Morrall, 1996; PARSONS BRINCKERHOFF QUADE & DOUGLAS,
1996). Such a decline is seen in Figure 2-4.
16%
- 14%
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10%
E
2 6%/
4%
2%
00/
in 0 In I 0 In 00
V V V V V V V V V
dtance dam (Im*
Figure 2-4 - Declining public transport mode share with increase in access distance at home end
and activity end in the Netherlands (Keijer & Rietveld, 1999)
A possible way to increase public transit mode share would be to exploit the access
mode characteristics and increase the shares of access modes that serves a larger
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catchment. The relative distribution of access and egress mode shares from various
literatures are be summarized in Table 2-2. In the Asian cities, walking predominates in
access and egress. In suburban-oriented USA, where radial, CBD-oriented public
transport service is common, car predominates as an access mode, while walking is the
last mile solution. In bicycle-friendly Holland, the bike has the largest access mode
share.
Table 2-2 - Access and egress mode shares for transit stations
Netherlands' USA (San Japan China Singapore4
Francisco) (Tokyo (Shanghai)
Access Egress Access Egress Access Egress Access Egress Access Egress
Walk 24% 48% 24% 76% 60% 88% 51% 81% 70.3% 67.3%
Cycle 39% 12% 1% 1% 17% 2% 11% 1% 0.3% 0.5%
Public 24% 27% 24% 19% 17% 9% 29% 13% 28.1% 31.3%
transport
Car 13% 10% 51% 4% 4% 1% 1% 2% 1.1% 0.9%
Others 0% 3% 0% 0% 5% 0% 8% 3% 0% 0%
*Public transport includes feeder buses, LRT and taxis
1 (Givoni & Rietveld, 2007)
2 (Olszewski & Wibowo, 2005)
3 (Pan, Shen, & Xue, 2010)
4 (LTA,2010b)
Theoretically, each mode has a range within which it is effective. Hence, the share of
access mode across distance to the station is not constant but varies up to a maximum
range. Table 2-3 shows example effective ranges for different modes as derived from
the literature.
Table 2-3 - Access modes to transit station and operating range
Mode Range (kin) Source
Walk 1 - 1.6 (Chalermpong & Wibowo, 2007)
Up to 1.5 (Keijer & Rietveld, 1999)
Cycle 2 - 5 (Martens, 2004)
1 -3.5 (Keijer & Rietveld, 1999)
Public Transport 2 - 6 (Keijer & Rietveld, 1999)(feeder buses)
Car (kiss and ride) 1 - 7 (Keijer & Rietveld, 1999)
Consistent with intuition, non-motorized modes tend to have a higher share over
distances closer to the station while motorized access modes have higher mode shares
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further from the station. This trend is depicted in Figures 2-5 to 2-7 which also show that
peak mode shares for motorized access modes are not higher than those for walking.
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The observed popularity of walking as an access and egress mode re-emphasizes the
importance of the first and last mile research. The fact that the access modes do not
have the same shares and that walking has the highest share implies that non-walking
modes have some intrinsic quality that makes them less attractive and as a result, they
fail to capture a larger share in areas further away from the station. One can attribute
this to relatively higher disutility in using these other modes. For example, lack of cycling
facilities may cause a low mode share because of the perceived riskier environment.
Additional walking and waiting times for feeder services and service reliability and
comfort can also contribute to lower mode shares for public buses.
To increase the catchment area of transit stations, one strategy is therefore to reduce
the connectivity barriers in the first and last mile of public transport trips. A cheap and
effective way in which this can be done is to improve the ability for cycling to function
more effectively as a feeder mode.
2.4 First and last mile solutions
If first and last mile problems are framed essentially as connectivity issues between the
public transport node to the commuter's home and destination, what are the possible
solutions or strategies? Table 2-3 categorizes the various solutions that have been
aimed at resolving first/last mile connectivity issues.
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Amongst these solutions, some are more costly while some are more cost effective. The
aim of the thesis is to investigate the effectiveness of cycling as a first mile solution
given its success and rising popularity in many countries.
Table 2-3 - First/last mile solutions
Classification Solutions
Physical (infrastructure) * Expanding rail network to bring stations closer to
Solutions homes and destinations
* Adding stations on existing network
* Creating more direct walking / cycling paths to transit
nodes
* Bike share infrastructure
Land use (urban * Transit-oriented development to encourage high
design) Solutions density developments near transit stations so that
more people can stay/work nearer transit stations and
walk directly to the station
* Safeguarding of corridors in developments to allow
greater porosity and encourage direct access to the
station
* Integration of development with transit nodes
* Integration of transit nodes to reduce walking
distance between modes and improve inter-modal
transfer convenience for commuters
Modal solutions Increasing frequency of feeder services
* Synchronization of feeder service frequencies and
headways with main public transport mode service
and headways to reduce inter-modal waiting times
* Improving travelling comfort on feeder modes
* Improving service reliability of feeder modes
* Bike share programs
* Car share programs
Technological solutions * Providing real time service information on arrivals and
departure of feeder services
* Providing free trip planning service for commuters
using public transport mode based on commuter
preferences
* Integration of fare payments between feeder and
main modes
* Use of smart card and cashless transaction for fare
payments
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2.5 Cycling as a first mile solution and as a feeder mode to transit
The use of cycling as a feeder mode to transit can be accomplished in the form of bike
and ride (B&R) or bike, park and ride (B,P&R). The first form allows transit users to
bring their bikes onto the main mode of transit, while the second form requires cyclists
to leave their bikes at the transit stop. Research has shown that high speed public
transport modes, such as trains, can rely on the cycling mode to increase its catchment
(Martens, 2004) (Martens, 2007). However, the ability to rely on cycling as a feeder
mode is more evident at the access end of the trip compared to the egress end as one
is more likely to have a bicycle at home which he can use to cycle to the station than at
his work place (Rietveld, 2000). As a feeder mode, cycling also offers a viable and
much cheaper alternative to other feeder modes such as feeder buses and park and
ride where larger investments are necessary (Pucher & Buehler, 2009).
The literature available suggests that more cities around the world are following in the
footsteps of Dutch cities (see Table 2-2) and are attempting various ways to integrate
cycling with public transit. In the city of Shanghai, for example, researchers are
optimistic about approaches to enhance bike-rail integration to supplement the rapidly
expanding metro system (Pan, et al., 2010). In new Delhi, researchers concluded from
commuter surveys that more cycling infrastructure can help to increase the number of
people willing to cycle to public transit stations (Advani & Tiwari, 2006). Last but not
least, a network of intra-town bicycle paths have been built in a few HDB towns in
Singapore to connect residential blocks to the MRT stations under the National Cycling
Plan. The common underlying theme in all these cities is to encourage more people to
cycle and take public transport.
2.6 The role of cycling infrastructure and its impact on cycling levels
Cycling infrastructure such as bike lanes and bike storage facilities play an important
role in encouraging more people to cycle. Dedicated cycling lanes allow, at minimum,
the perception of a much safer environment for cycling, by separating cyclists from
faster moving road traffic. Bike parking facilities such as those located near homes and
transit stations allow cyclists to park their bicycles at a convenient location when they
are not in use. Figures 2-8 and 2-9 show typical bike lanes segregated from road traffic
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while Figure 2-10 shows an example of a bike parking facility in Amsterdam near a
transit station.
In a survey conducted on the campus of the University of Maryland College Park, both
non-biking and biking commuters agreed that "bicycle lanes, trails and paths would
encourage them to ride a bike or ride more often to the campus" as their underlying
concern was due to the perceived lack of safety in cycling alongside vehicular traffic
when such dedicated lanes are not available (Akar & Clifton, 2009). The same attitudes
on safety of bike lanes that are separated from traffic is also found in a survey of over
1,400 current and potential cyclists in Vancouver (Winters, Davidson, Kao, & Teschke,
2011). A study of 90 US cities identified a positive correlation between cycling levels
and the supply of bike paths and lanes (Buehler & Pucher, 2011).
The well-developed cycling network in Netherlands is also likely to be the reason for
Dutch cities having the highest average mode share for cycling in the industrialized
world (at about 27%) (Pucher & Dijkstra, 2000).
While the literature does provide strong empirical evidence suggesting that provisions of
bike paths and bike facilities (i.e. built environment) leads to higher cycling mode share,
Pucher and Dijkstra (2000) also argue that the popularity of cycling in high bike mode
share cities can lead to a demand for such facilities to be built. This suggests a positive
feedback loop: cycling-oriented cities demand cycling facilities which further orients the
city towards cycling.
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Figure 2-8 - 2-way bike segregated bike lanes in Paris (Source:
http://www.streetsblog.org/2007/03/29/should-dot-install-separated-bike-lanes-on-9th-stree/)
Figure 2-9 - Segregated bike lanes in Copenhagen, Denmark (Source:
http://www.streetsblog.org/2007/03/29/should-dot-install-separated-bike-lanes-on-9th-street/)
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r-igure z-lu - bicycle parKing Taciiity at Amsteraam uentrai ttation (bource:
http://cycIingwithoutahelmet.blogspot.com/2009/1 2/bike-parking-at-other-centraal-stations.html)
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3 An Overview of HDB Towns and Public Transport System in
Singapore
3.1 Population density and HDB public housing
Singapore is a city state in South-East Asia with a total population of 5.08 million as of
2010 (Singstat, 2010). As a country, Singapore has one of the highest population
densities (gross density) in the world. However, a more meaningful comparison is done
at the city level with other cities as shown in Table 3-1.
Table 3-1 - A comparison of gross densities of selected cities
City Population City Size Gross Density Source
('000) (km2) (persons per km2)
Singapore 5,076.7 712.4 7,126 1
Hong Kong 7,108.1 1,108 6,415 2,3
Shanghai 23,019,148 6,340.5 3,630 4,5
Tokyo 35,682,460 13,572 2,629 6
London 7,825.2 1,580 4,863 7
New York City 8,175.1 789.4 10,356 8
1 - Singapore Department of Statistics (Census 2010)
2 - Population from Census and Statistics Department estimated in mid-2011
3 - City area as of 18 Oct 2011 from Planning Department
4 - Municipal area of Shanghai as of end 2008 from Shanghai Government website
5 - Municipal population of Shanghai based on 2010 census from National Bureau of Statistics, China
6 - Metro population area and land area from Tokyo Metropolitan Government
7 - Population of London and city size (including London city and its 32 boroughs) as of July 2010 from
Office of National Statistics
8 - New York City population 92010 census and city area from US Census Bureau
Table 3-2 summarizes the population and density changes for Singapore over the last 2
decades. As of March 2011, about 3.1 million of the resident population is housed in
HDB flats in the 26 HDB towns and estates shown in Figure 3-1 (HDB, 2011).
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Table 3-2 - Changes in population size and density in Singapore from 1980 to 2010 (Singstat, 2010)
Total Resident Land Population
Year Population* Population Area Density
('000) ('000) (sq kIn) (per sq Ian)
1980 2.413.9 2.282.1 617.8 3.907
1990 3.047.1 2.735.9 633.0 4.814
2000 4.027.9 3.273.4 682.7 5.900
2005 4.265.8 3.467.8 697.9 6,112
2006 4.401.4 3.525.9 699.5 6.292
2007 4.588.6 3.583.1 705.1 6.508
2008 4.839.4 3,642.7 710.2 6.814
2009 4.987.6 3.733.9 710.3 7.022
2010 5.076.7 3.771.7 712.4 7.126
*Total population comprises Singapore residents and non-residents. Resident
population comprises Singapore citizens and pennanent residents.
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Figure 3-1 - Location of HDB Towns and Estates in Singapore (HDB, 2011)
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3.2 Public Transport System in Singapore
The daily transportation needs for Singapore's residents are met primarily by the public
transport system which comprises the MRT system and public buses. From the
Household Interview Travel Survey (HITS) conducted in 2008, about 9.9 million
motorized trips were generated on an average every day, 56% on public transport.
While the total number of trips represents a 20% increase since the 2004 HITS survey,
the mode share for public transport has declined over the same period. The AM peak
hour mode share has dropped from 67% in 1997 to 63% in 2004 to 59% in 2008. Figure
3-2 shows the increasing daily trip generation in Singapore and Figure 3-3, the declining
mode share for public transport.
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12,000 ~Trips:
Total 9,900
10,000 Total Trips:
Trips:--20g 8200
8,000P 4,
6,000 23
4,000
2,000 -
-, --- 1---
HITS 1997 HITS 2004 HITS 2008
Nore Numbers are rounded off
The number of trips grew rapidy over the decade w ith pro'ate
tranpo r? tnps growmng faster than pubbe transport
Figure 3-2 - Changes in daily trip generation from 1997 to 2008 (Source: Choi & Toh, 2010)
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Based on the HITS Survey in 2008, MRT and LRT account for 17% of the daily mode.
share, buses 31.4% and, and taxis 7.9%3. In the Land Transport Master Plan, LTA
views the MRT system as the backbone of the public transport system in Singapore
(LTA, 2008). As of April 2012, the MRT system is made up of: i) the North-South Line; ii)
the East-West Line; iii) the North-East Line and iv) the Circle Line. The entire network
has a total of 76 stations and is 148.9km in length. Figure 3-4 shows the MRT system
map in Singapore and Figure 3-5 shows the MRT in operation.
To arrest the decline in public transport mode share, the Land Transport Authority (LTA)
is planning to expand the length of the entire network to 278km by 2020 as one of its
strategies under the Land Transport Master Plan (LTMP) announced in 2008.
3 Taxi trips excludes trips made by non-residents and tourists
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Figure 3-4 - Singapore MRT system map (Source: SMRT)
to of MRT train at an elevated
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Besides the MRT system, public buses operated by SBS Transit4 and SMRT 5 form the
other component of the public transport system. The various public bus routes in
Singapore can be categorized broadly into trunk services and feeder services. Trunk
services are routes that run between different HDB towns (i.e. inter-town) and other
parts if Singapore while feeder services are short haul routes that run within a HDB
town that connects the outlying town areas to the town center which has a larger
transport node (i.e. typically a bus interchange and an MRT station). As of April 2012,
SBS Transit is the largest public bus operator in Singapore, operating 185 bus routes
(133 are trunk services and 52 feeder services). SMRT operates 48 trunk services and
14 feeder services. A picture of an SBS bus service in operation is seen in Figure 3-6.
Figure 3-6 - SBS service 157 stopping at a bus stop with passengers alighting (Image source:
http:Ilwww.sabuses.com/v/sbst/b7rle/SBS803L-157.JPG.html)
In the context of the first and last mile research, the main mode of public transport in
Singapore is therefore MRT and trunk bus service. But given the MRT's more dominant
4 For more information on SBS Transit, visit http://www.sbstransit.com.sg/
5 For more information on SMRT, visit http://www.smrt.com.sg/main/index.asp
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role, this thesis will focus more on MRT as the main mode and, thus, its first and last
mile challenges.
3.3 Payment of fares on public transport in Singapore - The EZ-Link
automated fare collection system
Payment for fares on public transport is largely done through a stored value contactless
smart card system called EZ-Link. EZ-Link cards, shown in Figure 3-7, can be
purchased at all MRT stations and bus interchanges and allow commuters to pay for
their rides on public buses and the MRT. The EZ-Link system is a "tap-in, tap-out"
system. On buses, commuters tap their cards on card readers located at the entrance
as they board and tap out on readers located at the exit. Figure 3-8 shows a photo of a
reader installed on public buses. For MRT, commuters tap in and tap out at the fare
gates at the MRT station such as those seen in Figure 3-9.
ik-cardf)
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Figure 3-8 - EZ-Link card reader on public buses (image source: Google)
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3.4 Getting to the MRT and first/ last mile problems in Singapore
According to LTA's 2008 HITS survey summarized in Table 2-2, walking and public
transport account for over 98% of all access and egress trips to the MRT station. The
remaining 2% comes from those who cycle or travel by car to/from the station.
Currently, no literature has characterized the nature of first and last mile problems in
Singapore and how it affects transit ridership. Despite this, the Ministry of Transport
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announced the National Cycling Plan (NCP) in 2009 which emphasize cycling as a
potential solution to the first mile problem. As the new bike paths under the NCP are
located in HDB towns where most commuter trips originate, the thesis aims to examine
whether these and other bike paths have had any effect on transit ridership so far.
3.5 Cycling in Singapore - the story so far
Cycling milestones in Singapore
Cycling has not generally been supported as a commuting mode for the mass public
until 2009 when the Ministry of Transport officially announced a change in policy
position to accept cycling as a transport mode during the budget debate. Some of the
key milestones in cycling development in recent history are summarized below:
14 May 2007 - Announcement by LTA of a study to allow cycling on footways in
Tampines Town from 27 May 2007 to 30 May 2008.
27 May 2007 - Commencement of cycling on footways study in Tampines Town.
21 May 2008 - Announcement of trial to allow foldable bicycles on trains and
buses every weekday during non-peak hours and all day on Saturdays, Sundays
and public holidays from 24 May 2008 to 24 November 2008.
24 May 2008 - Commencement of foldable bike trials on trains and public buses.
1 Jul 2008 -Announcement by LTA to extend Tampines Town cycling study by 6
months.
14 Aug 2008 - LTA announces plans to install cycling signs along popular cycling
routes.
12 Feb 2009 - LTA announces approval of foldable bike scheme on trains and
public buses during off-peak hours.
12 Feb 2009 - MOT unveils the National Cycling Plan with a budget of S$43mil
to implement cycling networks in selected HDB towns including Tampines,
Yishun, Sembawang, Pasir Ris and Taman Jurong by 2012.
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3 Aug 2009 - The NCP was reiterated under the Sustainable Development
Blueprint of Singapore.
13 Dec 2009 - Following the end of the cycling on footways trial in Tampines, it
was found that there was a general level of acceptance of the trial provided that
bike paths, enforcement and education are implemented together. A framework
was introduced to regulate safe cycling on footways in Tampines on 1 Mar 2010
which included amendments to town council by-laws and allowing the Town
Council to take enforcement action against reckless cyclists on footways.
15 Jul 2010 - Completion of 1.2km of cycling paths in Tampines under the NCP.
Announcement of 2 additional HDB towns (Changi-Simei and Bedok) under the
NCP.
30 Jan 2011 - Completion of 1.4km of cycling paths in Taman Jurong under the
NCP.
April 2011 - Completion of 1.7km of cycling paths in Yishun under the NCP
May 2011 - Completion of 1km cycling paths in Sembawang under the NCP
18 Sep 2011 - Completion of 1.1km of cycling paths in Pasir Ris under the NCP.
Figure 3-10 shows the location of these towns in Singapore. Table 3-3 summarizes
paths that were built by town councils and paths planned and implemented under the
NCP in the 5 HDB towns. A completed section of the bike path in Pasir Ris is shown in
Figure 3-11. The plans for each town are displayed in Figures 3-11 to 3-14 below.
Other bicycle paths
Before dedicated cycling paths under the NCP were implemented in 2009, some town
councils responsible for maintenance of HDB town facilities had already implemented
their own dedicated bicycle paths due to calls from the local community.
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Figure 3-10 - HDB Towns under National Cycling Plan
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Table 3-3 - Cycling towns and their existing and proposed cycling infrastructure
Pre-existing Proposed NCP ImplementedTowpePath NCP Path (as Proposed NCP PathsTownCycling cy of Mar 2011) to be completed by7paths (kin) Length (kin) (kmn)
Tampines 2.3 6.9 1.2 June 2012
Pasir Ris 4.0 5 0 March 2012
Taman Jurong 0 10 1.4 September 2012
Yishun 0 7.5 0 December 2011
Sembawang 7.1 1 0 March 2011
Figure 3-11 - Photo of completed cycling path in Pasir Ris (Image source:
6 Implemented by respective town councils
7 Schedule based on press release dated July 15, 2010
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(LTA, 2010a)
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Figure 3-13 - Existing and proposed cycling network in Pasir Ris Town (image source: (LTA,
2011a)
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Figure 3-15 - Existing and proposed cycling networks in Yishun and Sembawang (image source:
Sembawang-Nee Soon Town Council)
For the two new towns (Changi-Simei and Bedok) that were included as part of the NCP
in 2010, no details have been made available on the alignment for the bike paths.
Besides dedicated cycling paths, commuters who wish to cycle in a safe environment
can also utilize the Park Connector Network (PCN). The PCN is a network of paths
designed primarily for recreational purposes and to connect various parks around
Singapore. The National Parks Board (NParks) is the government agency responsible
for the planning, implementation and maintenance of the PCN. As of Jan 2012, NParks
has implemented about 200km of PCN in Singapore (MND, 2012). Figure 3-16 shows
the island-wide PCN network in Singapore and Figure 3-17 a photo of an existing park
connector in Pasir Ris town (part of Eastern Coastal Loop).
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As the park connectors are built more to serve recreational needs and less for
commuting purposes, not all of them are connected to MRT stations. Figure 3-18 shows
an example of Choa Chu Kang MRT station which is connected to the park connector
while Yew Tee MRT station is not. For this thesis, only PCNs that are within 5km from
the station and connected to the MRT stations are considered.
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Figure 3-18 - PCN connectivity with MRT stations
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Bicycle Parkinq
Free bicycle parking facilities at transit nodes such as MRT stations (such as those
seen in Figure 3-19) allows cyclists to have a designated place to park their bicycles so
that they can transfer to the public transport system for longer distance travel. The NCP
also includes plans to increase the number of bike parking facilities at MRT stationsa
r-igure a-1v - tsicycie parKing Taciiies near r'asir KIS MKI station (image source: Panoramio)
3.6 Park and Ride scheme
Another form of commuter connection that complements the public transport system is
the Park and Ride scheme. The scheme allows commuters who own a car to be able to
drive to designated car parks near a public transit facility where he or she can then
continue the rest of the journey using public transport. The aim of this scheme is to
discourage driving into the Central Business District and to reduce the level of road
congestion during peak travel hours. The scheme provides drivers with an EZ-Link Park
and Ride (P&R) card which can be used on buses, LRT and MRT systems and also a
season parking ticket (SPT). The total cost for enrolling in the scheme is $70 per month.
8 No specific numbers are available on how many additional lots will be provided at the stations
47
($40 for the P&R card and $30 for the SPT). More details on this monthly scheme and
the location for all the car park are available online9.
3.7 Summary of First Mile Solutions in Singapore
Current first mile solutions that have been implemented in Singapore are summarized in
Table 3-4.
Table 3-4 - First mile solutions implemented in Singapore
Access Mode Solution Type
Walk Expanding MRT network to bring Physical
stations closer to homes
Integration of bus stops/ Land Use
interchanges with MRT (Urban design)
Cycle Implementing cycling paths and bike Physical
parking
Public Increasing reliability of feeder bus Modal
Transport services.
Providing real time information on Technological
feeder bus services
Integrated fare payments
Car Designating Park and Ride car parks Land Use
near MRT stations
3.8 Focus on Morning Peak Travel Behavior
The morning peak hour public transport mode share is a key performance indicator for
public transport policy making in Singapore. Towards the goal of making public
transport "a choice mode", LTA targets to increase public transport mode share "during
morning peak hours" to 70% by 2020 (LTA, 2008). In order to gauge the effectiveness
of first mile solutions such as bicycling and bicycle infrastructure against other policy
measures and solutions, morning peak hour travel behavior is used.
Another reason for focusing the analysis on morning peak hour travel is to control for
trip-making purpose. Morning peak hour trip making is typically associated with journey
to work and journey to school commuting trips. Outside morning peak hours, trip
9 http://www.transitlink.com.sq/ps-pnr-scheme.html#4
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purposes tend to vary and may not be undertaken on a routine basis, such that more
factors may influence the first mile access.
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4 Investigating the First Mile Problem in Singapore
4.1 Research design
In order to understand the effects of cycling infrastructure as a first mile solution on
morning peak hour travel, a quantitative approach is taken to examine the statistical
relationship between public transit ridership and first mile factors. Doing so requires
choosing the right unit of analysis, the right measure for transit ridership, and accurate
measures to represent the explanatory variables.
4.2 Selecting relevant MRT stations
As ridership at the MRT station is the measure to gauge the effectiveness of first mile
solutions, it was critical to select MRT stations in HDB towns for which first mile
solutions have been implemented. A key consideration in selecting the stations is that
the stations must be implemented and opened to the public before the dates when the
EZ-Link transactions were recorded and provided for this research. The EZ-Link
transactions provided by LTA were for trips made between 11 April 2011 and 17 April
2011 on the public transport system. During this period, the MRT system had 75
operational MRT stations10 . Out of these stations, it was necessary to isolate only those
that are found in HDB towns where first mile solutions have been implemented at
different levels. As morning peak hour travel is the focus, it was also critical to identify
stations that have a distinct morning peak ridership pattern.
Using the EZ-Link data, it was possible to group the stations into three types based on
their ridership patterns during weekdays. The first type shows a distinct AM peak
ridership (as shown in Figure 4-1), the second type shows a bi-modal distribution (as
shown in Figure 4-2) and the third shows a distinct PM peak (as shown in Figure 4-3).
Type 1 stations are generally those that are located in HDB heartlands where residential
uses are more predominant while Type 3 stations are clearly those that are located
within employment centers such as the Central Business District, industrial areas in
Jurong, or Changi Airport. Type 2 stations are those that are found in mixed-use areas
10 Since April 2011, 12 additional stations along the Circle Line have been opened to the public on
October 8, 2011.
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where there are both residential areas and employment centers. For this analysis the
stations selected for study are the 47 stations that fall under the Type 1 and 2
categories. Table 4-1 summarizes the various stations according to the various types. A
full depiction of station ridership patterns can be found in Appendix 1.
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Figure 4-1 - Example of Type 1 (AM Peak) ridership pattern (Tampines Station) on 11 Apr 2011
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Figure 4-2 - Example of Type 2 ridership pattern (dual peaks) (Potong Pasir Station) on 11 Apr
2011
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Figure 4-3 - Example of Type 3 (PM Peak) ridership pattern (Tanjong Pagar Station) on 11 Apr 2011
Table 4-1 - Summary of stations according to types
Type I Stations (AM Type 2 (Bi-modal) Type 3 Stations (PM
Peak) Peak)
Tampines, Pasir Ris. Boon Lay, Clementi, Jurong East, Dover, Buona
Lakeside, Yishun, Commonwealth Vista, Lavender,
Sembawang, Bedok, Simei, Queenstown, Redhill, Tiong Macpherson, Tai Seng,
Kembangan Bahru, Ajunied Bartley, Marymount, Joo
Pioneer, Chinese Garden, Paya Lebar, Tanah Merah Koon, Outram Park,
Bukit Batok Toa Payoh, Braddell, Yio Tanjong Pagar, Raffles
Bishan, Ang Mo Kio Chu Kang, Farrer Park, Place, City Hall, Bugis,
Woodlands, Admiralty Boon Keng, Potong Pasir, Expo, Changi Airport,
Serangoon, Hougang Mountbatten, Dakota, Marina Bay, Dhoby Gaut,
Kovan, Kallang Lorong Chuan,Stadium Somerset, Orchard,
Eunos, Khatib Newton, Kranji, Chinatown,
Marsiling, Yew Tee, Choa Clarke Quay, Little India,
Chu Kang, Bukit Gombak, Harbourfront, Bras Basah,
Buangkok, Sengkang, Esplanade, Promenade,
Punggol Nicoll Highway, Novena
Total: 28 Total: 19 Total: 31
Figure 4-4 shows the location of the stations in Singapore, reiterating the point that most
of the excluded stations (marked in red) are those located in the CBD (in the south), in
employment areas like the Jurong and Tuas industrial estates (in the west), or Changi
Airport and Changi Business Park area (in the east).
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Figure 4-4 - Type of MRT stations and their locations in Singapore"
Map is prepared on Master Plan 08 land use base. See htp://www.ura.qov.sq/MP2008/ims/leqend.html for legend on Master Plan zoning.
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4.3 Dependent variable (Ridership at MRT stations)
The current research postulates that first mile and last mile problems are essentially
connectivity issues between the commuter's home and destination to the public transit
node. Poor connectivity between homes and destinations of commuters to the public
transit nodes decreases the willingness for commuters to take public transport if they
have more attractive alternatives like driving their own car. This ultimately results in poor
ridership figures at the MRT station. As such, the selection and use of MRT ridership is
a proxy for the actual connectivity problems.
The key measure used to determine public transport ridership is therefore the number of
passengers boarding the MRT stations during the morning peak hour period during
weekdays. That is, the morning peak hour ridership is the dependent variable. To
operationalize this measure, the AM Peak Hour Ridership at each MRT station is used.
The AM Peak Hour Ridership is the average of the peak hour ridership for one week.
The ridership data is extracted from a one week sample of EZ-Link transactions.
4.4 Selection and measurement of explanatory variables
The explanatory variables selected should provide a measure of the first mile solutions
and the corresponding problems of connectivity which they were meant to address.
In the Singapore context, the various modes to resolve the connectivity are i) walking, ii)
cycling, iii) taking public transport like feeder buses, LRT or taxis, and iv) driving cars to
take MRT. The variables selected to operationalize measures for these modes follow.
Cyclinq to MRT station
The first mile solution of interest in this research is the infrastructure built to promote
cycling to MRT stations. The infrastructure includes bike paths connected to MRT
stations and bike parking at the MRT stations.
Research on cycling in other countries suggests strongly that a safe cycling
environment promotes cycling behavior (Akar & Clifton, 2009). Facilities such as bike
lanes and routes separated from vehicular traffic provide the environment which
encourages cycling. The bike path measure therefore includes all implemented cycling
paths within a 5km radius from the MRT station that are connected to the station. This
5"4
includes paths built by the town councils before 2009, those that have been completed
under the NCP, as well as park connectors.
For bike parking lots, the metric used is the quantity of bike parking lots at the MRT
stations.
Walking to MRT station
To establish a connectivity measure for walking to MRT stations, various measures
have been developed by other researchers. Common measures includes: street density
(length of road per unit area), intersection density (number of intersections per unit
area) and link-node ratio (number of links divided by number of nodes) (Cervero,
Sarmiento, Jacoby, Gomez, & Neiman, 2009; Dill, 2004; Marshall & Garrick, 2010;
Tracy, Su, Sadek, & Wang, 2011).
Negative relationships were found between street density measures around 800m from
the MRT station (street length and road zones) and ridership at the MRT station (See
Appendix 2). Further statistical tests on the coefficients reveal that the correlation
coefficient road zone (area zoned for road use) (-0.011) is not statistically significant
while the coefficient for street length (-0.296) is statistically significant at 99%
confidence level. This suggests a station with more streets has a negative effect on
MRT ridership and is not aligned with the expectation that greater street density
encourages greater walking.
One possible reason may be due to different preferences for the walking environment in
Singapore compared to other countries where street density is a strong predictor for
walkability. In cities like Cambridge, walking in residential areas such as Cambridgeport
tends to take place along sidewalks of streets. However, in Singapore, a large extent of
walking can be done through shortcuts through first-story void decks of public housing
blocks. Walking through these void decks and open spaces between the HDB blocks
offer shade, safety and reduces walkers' exposure to vehicular exhaust and other
negative effects. More importantly, it provides a faster and more direct route to the MRT
station. An image of the first floor of a typical public housing development is shown in
Figure 4-5. The picture shows a void deck which does not restrict public access. Figure
4-6 shows an example of the difference in length that a walking commuter will save by
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walking through the housing estate (route in blue) as compared to walking along the
road (route in red).
Figure 4-5 - Photo of sheltered link through HDB public housing void decks (Image source:
Google)
Figure 4-6 - Shorter walking paths through HDB estates
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Given that commuters in Singapore who walk to MRT stations are likely to use the open
spaces of public housing developments, parks and shopping malls instead of roads, a
land development porosity index is calculated to measure walkability of neighborhoods
around MRT stations. This measure attempts to explain how porous land uses are
around the MRT station (i.e. how much the land uses allow free public access). A high
index suggests better walking connectivity while a low index suggests greater
impedance for commuters walking to the station.
Takinq public transport to MRT station
Based on the HITS 2008 survey, 28.1% of commuters used public transport to access
the MRT stations. This includes modes like feeder bus services, LRT, taxis and also
trunk bus services.
However, due to limited sources of data, attaining a measure for taxis as feeder mode
at each MRT station was not possible. As such, the main measures for public transport
to MRT stations focus on buses and LRT. For this, three measures are considered and
compared. The first measure is the total length of feeder services. This medsure
considers the number of feeder services (including LRT) and then sums the individual
feeder route lengths. The second measure is the number of feeder bus services. This
measure counts just the number of feeder services (including LRT) that connects
commuters to the MRT station. The third measure is the total number of bus and LRT
services. Unlike the previous, this measure includes trunk services12 and their potential
contribution as a feeder mode.
Besides feeder bus service length, it is also necessary to control for connectivity and
convenience related to making transfers between buses and MRT modes. Commuters
can transfer between buses and MRT at stations that are integrated with bus
interchanges or at stations which are located near bus stops. Figures 4-7 and 4-8 show
photos of the Woodlands MRT and Jurong East MRT stations integrated with bus
interchanges while Figures 4-9 and 4-10 show photos of Lakeside and Kembangan
MRT with bus stops located next to the station.
1 For trunk services, only those that operate on weekday mornings are included.
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T station integrated with bus interchange (Image source:
Figure 4-8 - Jurong East T station integrated with bus interchange (image source:
Streetdirectory.com.sg)
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i witn connectea bus stop (image source: Google)
iure 4-10 - Kembangan MRT with connected bus stop (image source:
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HIF
Drivinq to MRT station13
To account for the role of car access to MRT, the availability of a park and ride facilities
within 200m of an MRT station is used as a dummy variable to measure the connectivity
of commuters who drive to MRT stations.
Other control variables
Socio-economic and demographic variables (total population, average age, and mean
population income within the station catchment area) and station types (see Table 4-1)
are also included as additional control variables.
Table 4-2 summarizes the variables considered in model specification, the data
sources, how the variables are operationalized, the hypothesized effects, and the
respective descriptive statistics (see Appendix 3 for the observations for the variables).
Table 4-3 shows the correlations between the dependent variable and the independent
variables and among the independent variables. These correlations roughly support the
hypothesized effects on ridership and also hint at possible multicollinearity problems
among some of the independent variables. The final regression models estimated
detect this multicollinearity, when present, and lead to the final model specifications, as
discussed in the next chapter.
13 Data on kiss and ride users are not available
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Table 4-2 - List of variables and descriptive statistics
Hypothesized
DecitinDt Suc eauedriainimpact on AM Example (for Mean Median StandardDescription Data Source Measure derivation peak hour MRT Tampines MRT) deviation
ridership
Average AM Peak EZ-LinkHour agerAMieat transactions Average of AM peak hour Average AM peakHRour shi 4  between 11 Apr ridership at individual MRT NA ridership is 19,041.6 9,122.63 8,480.80 5,200.95
(RIDERSHIP) 2011 and 17 Apr stations2011
The index is a ratio of total site
areas of porous development area N
(A) over the total area around an Higher index (A) = 121.66ha
Land development 800m radius from the MRT means higher % (B) = 197.63ha
porosity index Master Plan 2008 stations (B). Porous developments of porous POROSITY = 0.39 0.43 0.17
(POROSITY) Land Use Layer include public housing (residential developments 121.66 / 197.63 =
zones with building lines), parks which facilitates 0.62
(park zones) and shopping malls walking to the
(commercial zones) station
t irese; (i) Town council bike path + (ii)
LTkpres NCP bike path + (iii) Park M (i) 2.3km
cLngath within council w connector More bike paths (ii) = 1.2km
cycling path within council websites enhance cycling (iii) = 4.6km 1.11 0 2.445km of MRT station s and NParks All implemented paths to be within safety and Total = 8.1km(B_PATHS) PCN network 5km of MRT stations and enlarge station
layer connected to the station. catchment areas
Number of bicycle Bike lots
parking lots at MRT Mytransport.sg Information on bike parking lots enhance Bike lots at Tampines
station portal extracted directly from portal convenience for MRT = 501 118.14 70 128.43
(BLOTS) cyclists to parkbikes at MRT
stations
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14 Dependent variable
Hypothesized
impact on AM Example (for . Standard
Description Data Source Measure derivation peak hour MRT Tampines MRT) Mean Median deviation
ridership
3 feeder services
found at Tampines
MRT (291, 292 and
Total length of (+) 293)
feeder bus service Publictransport.sg Sum of all feeder service route Longer feeder
(in km) stopping at potan lengths (LRT and buses) that stop services increase Route lengths for 13.09 4.8 18.98
MRT station p at the MRT. station 291 = 11km
(FEEDL) catchment area 292 = 5.9km
293 = 12.4km
Total = 29.3km
(+)
Total number of Publictransport. Total number of all feeder services More feeder 3 feeder services at
feeder services pultanosg (LRT and buses) that stop at the services increase Tampines (291, 292 1.38 1 1.81
(FEEDN) portal MRT. station and 293)
catchment area
19 trunk bus services
Total number of Total number of all feeder service N in Tampines.
trunk and feeder Publictransport.sg (LRT and bus) and trunk bus More services Therefore total 11.60 10 7.67
services portal se increases station feeder and trunk
(TOTN) services that stop at the MRT. catchment area services = 19+3 = 22
(+)
MRT station Tampines MRT is
. . in tegation wih integrated withInegatonwih usDummy variable integration with inete withN
interchangewith bus Publictransport.sg ' statiaris connected to MRT bus interchange Tampnes Bus 0.40* NA NA
(BINT) station; '0' otherwise transfers therefore coded as
between feeder '1'
mode and MRT
(+)
Availability of park Dummy variable P&R car parks
and ride car park Publictransport.sg m' if park and ride facility is allow drivers to No P&R facilities
within 200m of MRT pultan 1vifark an ride fciliti transfer to MRT within 200m. Coded 0.47* NA NA
station.portal available within 200m from station:'n nrae a '0'station. 'O' otherwise and i c ease s'
(PR) station
catchment area |
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Hypothesized
. imacton M Exmpl (fr . StandardDescription Data Source Measure derivation impact on AM Example (for Mean Median deviaopeak hour MRT Tampines MRT) deviation
ridership
Census population is provided at
the planning subzone level. The
catchment population for each Tampines MRT
Census 2010; MRT station is the sum of Catchment Subzones
URA Planning populations in subzone connected . are: Tampines EastCatchment Subzone layer; to the station by feeder service. Stations with and Tampines West. 69,978.17 57,525 50,495.68Population MIRT layer; larger catchment 6,7.7 5,2 0456
(C_POPN) Publictransport.sg For a subzone served by more leads to more Total Catchment
portal than one MRT station, its MRT riders Population = 138,807
population is divided according to + 77,956 = 216,763
the number of stations.
Mean income is provided at the
planning area level. Mean income
for the MRT catchment populationMean monthly Census 2010; is taken to be the mean income for Areas with higher Mean monthly
income of URA Planning the planning area where the income opt for income of Tampines 3,451.61 3,339.46 297.52catchment Area layer; MRT station is. private modes of Planning Area =
population layer transport and $3.405(MINC) For stations that lie in between therefore will
planning areas, the average of have fewer riders
planning areas incomes is taken
Mean age is provided at the (-)
planning area level. Mean age for Areas with higher
Mean age of Census 2010; the MRT catchment population is mean age could Mean age for
catchment URA Planning taken to be the mean age for the have fewer MRT residents in
population Area layer; MRT planning area where the station is. riders as all else Tampines Planning 36.43 37.36 2.64
(M AGE) layer being equal, Area = 35.07For stations that lie in between older people are
planning areas, the average of less likely to use
planning areas age is taken transit.
(+)
EZ-Link Type 1 stations
. transactions Dummy variable are in
Type 1 station between 11 Apr '1' if station is a Type 1 (i.e., AM predominantly Station is aType 1 0.60* NA NA(TYP_1) 2011 and 17 Apr Peak) station; '0' otherwise residential areas station. Coded as '1'
2011 and thereforehave more AM
peak access I
N=47, * denotes proportion for dummy variables
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Table 4-3 - Correlation matrix between dependent and explanatory variables
RIDERSHIP POROSITY BPATHS BLOTS FEED L FEED N TOT N B INT PR TYP 1 M INC M AGE CPOPN
RIDERSHIP 1
POROSITY 0.7383 1
B PATHS 0.323 0.1008 1
B LOTS 0.5836 0.3007 0.7397 1
FEED L 0.7267 0.5241 0.0786 0.4811 1
FEED N 0.7057 0.5734 0.0932 0.4184 0.9126 1
TOTN 0.4453 0.2111 0.0373 0.317 0.5238 0.582 1
B INT 0.6028 0.3798 0.2361 0.4699 0.5089 0.622 0.6665 1
PR 0.4401 0.3604 0.0026 0.2144 0.2973 0.2039 0.1848 0.3568 1
TYP 1 0.5194 0.4125 0.2042 0.3606 0.3942 0.2968 0.1732 0.3252 0.5121 1
M INC -0.2135 -0.2378 0.1964 -0.0289 -0.2627 -0.1405 -0.0956 0.1855 -0.0534 -0.0112 1
M AGE -0.4792 -0.3486 -0.2771 -0.5222 -0.4305 -0.3377 -0.0062 -0.3094 -0.3124 -0.6971 0.004 1
C POPN 0.7339 0.6381 0.3912 0.555 0.6024 0.6464 0.4417 0.6087 0.1825 0.4806 -0.0854 -0.4663 1
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5 Findings and Analysis
5.1 Regression model specification and Estimations
As the interest is in the understanding the role of cycling infrastructure in influencing
MRT ridership (i.e. cycling as a first mile solution), I specify a multivariate regression
model, attempting to control for the other variables of influence. The model is of the
general form:
Ri=f(Bli, FSi, SDi, LUi), ei
where
Ri is the ridership at MRT station i;
Bli a vector of bicycle infrastructure variables within the cycling catchment area of
station i;
FSi a vector of public transport feeder services connected to station i;
SDi a vector of socioeconomic and demographic variables associated with the
catchment population for station i;
LUi a vector of variables describing land use and form around station i; and
ej represents the random error term.
Several model specifications and estimation approaches were tested to account for
potential multicollinearity, heteroscedasticity and the relatively small sample size. Table
5-1 summarizes the various models and guides the discussion that follows.
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Table 5-1 - Comparison of regression models
Model I Model 2 Model 3 Model 4 Model 5
Variables Trial Improved Improved Robust S.E Robust S.E
Model Model Model (BS) Model Model (BS)
7,135.41 10,168.05 17,382.83 17,382.83 17,382.83
Intercept .62) (1.71)* (1.48) (1.76)* (1.49)
BPATHS 394.15 191.45 368.63 368.63 368.63(1.3) (1.93)* (1.49) (1.8)* (1.49)
B_LOTS - - - -
POROSITY 11,194.91 3,430.67 12,244.09 12,244.09 12,244.09POROSITY_ (3.14)*** (3.57)*** (3.43)*** (4.05)*** (3.53)***
FEEDL 100.83
FEEDN -282.93(-0.4)
TOTN 16.49 81.99 88.83 88.83 88.83(0.19) (1.08) (1.11) (1.33) (1.10)
BINT 1,932.80 1,500.45 1,817.32 1,817.32 1,817.32(1.28) (1.21) (1.17) (1.31) (1.17)
PR 991.12 1,053.99 1,297.81 1,297.81 1,297.81(0.94) (1.23) (1.15) (1.30) (1.15)
TYP_1 522.66 1,339.24 264.27 264.27 264.27(0.39) (1.61) (0.19) (0.23) (0.19)
MINC -1.71 1.61 -2.64 -2.64 -2.64(-1.06) (-1.64) (-1.44) (-1.6) (-1.47)
-8.69 235.49 -217.99 -217.99 -217.99
M_AGE (-0.03) (-0.93) (-0.77) (-0.89) (-0.77)
0.01 0.01 0.01 0.01 0.01
C_POPN (01 (1.01) (0.78) (0.91) (0.80)
R2 0.814 0.778
Adj R2  0.749 0.724
(BS) - bootstrapped models
(t-statistics)
*significant at 90% confidence level
**significant at 95% confidence level
*** significant at 99% confidence level
Model 1 is the trial regression model, which suffers from strong multicollinearity,
particularly among the feeder service variables. The variance inflation factors (VIF) of
the trial model (see Appendix 4) reveal that variables BLOTS, FEED_L and FEED_N
are highly multicollinear. Model 2 represents the "Improved Model" specification which
removes the problematic variables (BLOTS, FEED_L and FEEDN) and reducing the
multicollinearity problem (see Appendix 5 for the VIF for the improved model).
Then, in an attempt to address the small sample size issue, Model 3 represents a
bootstrapped model estimation. Bootstrapping is a method of resampling with
replacement that allows the estimation of a population parameter (i.e. mean or variance)
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by measuring those properties from an approximating distribution given in a sample. It
has the advantage of not requiring distribution assumptions (such as normally
distributed errors) and is relatively simple to apply. To bootstrap regression models, the
explanatory variables can be treated as random and bootstrap samples are selected
directly from the observations. Alternatively, the independent variables can be taken as
fixed and resampling is performed on the residuals of the fitted regression model.
The bootstrapping procedure is carried out using Stata with several trials from 500
repetitions to 8,000 repetitions. The output for the bootstrap trial with 8000 repetitions is
shown in Table 5-7. Results from the other bootstrap trials can be found in Appendix 7.
Finally, Models 4 and 5 represent robust estimation methods, attempting to correct for
possible homoscedasticity. In multiple regression, the residuals are assumed to be
independently and normally distributed with a mean of zero and common conditional
variance across the range of values of all the explanatory variables (i.e.
homoscedastic). Data on the residuals is tabulated in Appendix 3 while the residuals
plot can be found in Appendix 6. The residuals have a mean of 3.25x10-6 which is close
to zero. The skewness and kurtosis score for the residual distributions are 0.18 and
2.47 respectively, suggesting that the residuals are normally distributed. More formally,
the Breusch-Pagan / Cook-Weisberg test for heteroscedasticity is carried out, using
Stata, which tests the null hypothesis that variances of the error term are constant and
gives a result as a chi-square value. A high chi-square value implies presence of
heteroscedasticity. The chi-square value for the improved model (model 2) is 3.45 with
the associated probability of 0.0632. Technically, this result means we cannot reject the
null hypothesis of homoscedasticity (although we are only about 94% confident of this
result). Therefore, even if heteroscedasticity is present, the problem is not a serious
one. This result is consistent with the visual interpretation of the residuals plot and the
residuals' distribution characteristics. Despite this result, I also estimate the regression
with robust standard errors (Model 4 and the bootstrapped Model 5).
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5.2 Discussion of regression results
The models generally all have high coefficients of determination. The models with
reduced multicollinearity problems (Models 2-5) account for 78% of the variation in MRT
AM peak hour ridership.
In Models 2 and 4, BPATHS and POROSITY were the only two statistically significant
variables at 90% and 99% confidence level, respectively. However, after bootstrapping,
only POROSITY remains statistically significant (Models 3 and 5). These results are the
same after correcting for potential heteroscedasticity with robust standard errors:
B_PATHS and POROSITY are statistically significant in Model 4, while only Porosity
remains statistically significant after bootstrapping (Model 5). Through bootstrapping,
the accuracy of the robust standard errors is improved in Model 5 and this means that
the t-statistics from Model 5 will be most reliable than the other models for statistical
inferences to be made. The F-statistics for Models 4 and 5 are also slightly better
(22.10) than Model 1 (12.43) and Model 2(141.37). As such, results from Model 5 form
the basis for further analyses that follow.
Biking infrastructure variable
The key variable of interest (BPATHS) is not statistically significant at greater than
90% confidence level in Model 5. The length of bike paths within 5km from the station
apparently is not significantly related to AM peak hour ridership. In other words, HDB
towns with more bike paths are not associated with MRT stations that, all else equal,
have higher ridership during AM peak period.
However, it is worth noting that in models 2 and 4, BPATHS is statistically significant at
90% confidence level before bootstrapping was executed. With bootstrapping, the
statistical significance of BPATHS fades. This suggests that length of bike paths
provided is weakly associated with MRT ridership and that this association is revealed
only in the non-bootstrapped models. Why this result "washes away" in the
bootstrapped models requires further analysis.
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Development porosity
As a measure of walking conditions around 800m from the MRT station, POROSITY is
the only statistically significant explanatory variable in Model 5 in predicting ridership.
The coefficient means that a unit increase in POROSITY is associated with an increase
of about 12,000 MRT riders during the AM peak period, all else equal. A standard
deviation change in the variable also leads to a 0.405 standard deviation change in
ridership.
As there are many high density public housing developments found near the MRT
stations and are therefore included as porous developments, there is a concern of
whether this variable truly accounts for walking conditions or whether it also includes
effects due to the higher built density which can also lead to higher ridership. Further
research is required to establish a suitable control for built density or to derive a more
representative metric for the walking built environment in Singapore.
Other variables
Public transport as a feeder mode - TOT_N, the total number of trunk bus services and
feeder bus and LRT services, is not statistically significant in relation to MRT ridership.
Higher numbers of public transport feeder services is not associated with higher MRT
ridership. Similarly, BINT is also not significant, meaning that whether the MRT station
is integrated with a bus interchange or not has no effect on MRT ridership levels. Given
that taking public transport as a feeder mode to MRT station makes up 28% of access
mode share, the lack of statistical significance in these variables may mean that feeder
transit services only substitute other access means to the MRT stations. Or, it may also
suggest that better, more finely tuned, variables to measure the feedering effects of
public transit are necessary.
Driving to MRT station (Park and Ride) - The PR dummy variable's statistical
insignificance reveals that nearby Park and Ride facilities (within 200m of a station)
have no statistical impact on the station's ridership. While driving a car to MRT accounts
for only 1.1% of all access trips to the MRT station, it would be ideal to further refine this
metric or include more measures (such as kiss and ride commuters) in order to better
assess the contribution of driving to MRT on ridership.
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Control Variables - Additional control variables, including catchment area population,
mean age and mean income, and whether the station is a Type 1 station (AM Peak-
oriented) or not has no statistical impact on MRT ridership. Of all these variables, the
finding that catchment population has no statistical significance to MRT ridership is of
greatest concern as it is counterintuitive. One problem could be related to its
measurement. As catchment population for each station in the models is attributed on
the subzone basis, it may not entirely capture the full catchment of the station. Future
research could aim to establish a more appropriate population catchment measure as a
control variable.
5.3 Implications for first mile connectivity
The models indicate that the initial and preliminary cycling infrastructures (dedicated
bike lanes and bike parking lots at MRT stations) are not statistically associated with AM
peak period MRT ridership. Yet, this result does not mean that biking is not a first mile
solution for several reasons. First, the facilities may be too few and not fully connected
which can greatly reduce their effects on ridership. Second, the facilities may be too
new to induce a change in behavior to see more cycling to MRT. Third, and as
discussed in the case of other feeder modes above, perhaps the feeder mode
availability only substitutes for another feeder mode. Ultimately, the goal of using
cycling as a first mile solution is to increase ridership. In the short term, it may be
difficult to observe this effect even if there are cyclists using these infrastructures to get
to the MRT as they may have switched access modes. It is not possible to know the
magnitude of the substitution effect across access modes given the dataset used in this
thesis. Finally, perhaps the bicycling facilities have been built in places where cycling
was already prevalent as a feeder mode. In other words, perhaps the infrastructure is
facilitating cycling access to MRT for those who would cycle anyway.
Nevertheless, the research findings have some implications on the National Cycling
Plan and on financing for bike infrastructures. When the plan was launched initially in
2009 with a budget of S$43million, only five HDB towns were included. When Tampines
completed its first 1.2km of cycling path in July 2010, two additional towns (Bedok and
Changi-Simei) were added. With preliminary evidence in this research suggesting that
bike infrastructure may not have a significant effect on ridership, the government under
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LTA as the lead agency should monitor usage levels of bike path and its impact on MRT
ridership more closely before including more towns. It is worth noting that since July
2010, no additional towns have been included. In the medium to longer term, LTA
should establish a monitoring regime that includes methods to track and measure
cycling behavior and bike ownership from household travel surveys and supplemented
with traffic counts. There should also be an upkeep of infrastructure records related to
bike paths and bike lots implemented. So far, LTA has been keeping track of road and
rail infrastructure and publishes these statistics online15 on an annual basis. Similar
statistics for bike lots and dedicated bike paths should be collected and published.
The second implication relates to the built environment factor that apparently supports
walking as a first mile solution. Porosity of development patterns around the walk
catchment area was used in the research to represent a supportive built environment
characteristic that facilitates walking. This measure is positively and significantly related
to transit ridership, suggesting that more direct walking routes to MRT stations may
increase MRT use. While more analysis of this indicator is needed, development plans
around MRT stations should therefore plan for and safeguard more public accessible
spaces such as HDB development and parks. Private developments such as
condominiums which are gated should not be planned close to the MRT as they inhibit
walking. If there must be private developments around the MRT, safeguards should be
put in place to reduce their negative impacts on walkability. For example, zoning and
development guidelines should not allow two or more private developments located side
by side without any pedestrian space. These walking spaces should also be adequately
lit for safety reasons.
15 See http://www.ita.qov.sq/content/dam/Ita/Corporate/doc/Stats%20in%2Brief%202011.pdf
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6 Conclusions
Growing public interest in cycling and the need to find ways to increase public transit
mode share fuelled the interest to investigate cycling as a first mile solution in
Singapore. The research was further motivated by the government's plan to implement
more bike friendly infrastructure like bike paths and bike parking lots at MRT stations to
encourage more to people to cycle to access public transit. Research in many cities
suggests that there is potential for cycling to serve as a feeder mode to public transit
and help address the first mile/last mile connection problem.
Is cycling effective as a first mile solution in Singapore? In light of existing and planned
dedicated bike paths in HDB towns and biking lots at MRT stations, this thesis
attempted to assess the effect of these measures on AM peak period ridership on the
MRT.
The research utilized regression methods to model the relationship between bike paths
and bike parking lots and MRT ridership, using MRT stations as the unit of analysis and
controlling for other factors that may influence ridership variation. Based on the results
of this research, cycling infrastructure does not have statistically significant relationship
with ridership. Indeed, the only variable measured with a statistically significant
relationship with ridership is porosity, a variable derived to approximate walking
conditions near the MRT stations.
The finding regarding bike infrastructure is not surprising given the relative infancy of
built environment interventions to facilitate cycling in Singapore. As a result, it could be
argued that this study is premature in assessing the full effects of cycling interventions
as a first mile solution. Therefore, findings from the current research should be treated
as preliminary and further monitoring should be carried out on implemented schemes to
evaluate the effectiveness of cycling in increasing MRT ridership. Suggestions on future
research are based on limitations of the current one and discussed in the subsequent
sections.
6.1 Limitations of current research
This section provides a critique of the current research and offers suggestions for
improvement which can be considered in future research.
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Causality
A major shortcoming in this research is the inability to fully establish causality between
bicycle infrastructure and ridership levels even if it could be shown that there was
statistical significance between cycling variables and ridership.
Establishing causality requires four criteria to be met: time order, covariation, non-
spuriousness and theory. The current research has explored the theoretical relationship
between first mile and public transport and also observed covariation between first mile
factors and across geographical locations. To achieve non-spuriousness, estimation of
the ridership model has attempted to include appropriate control variables that may also
cause variation in MRT ridership. However, more can be done in subsequent research
to refine the measures. For example, future research should look into deriving a more
representative measure for public transport (including taxis) in order to capture its
contribution to ridership given that it accounts for 28% of access trips to the MRT.
Absent in this research is the ability to establish time order between first mile variables
and ridership due to the extremely limited time span for the data. Addressing this
shortcoming will require designing the research to monitor ridership changes over time
and collect data on ridership and explanatory factors before and after first mile
interventions are made. Collection of pre-post data on access mode usage levels would
also serve as a control against possible substitution effects across access modes. For
cycling, a systematic program to do periodic bike counts at regular times along major
roads and monitoring of bike lots supplied and usage levels will augment this research
greatly.
Capturinq behavioral responses
Behavioral responses of MRT users to cycling infrastructure were also not captured in
this research. For example, it is not known whether cycling paths result in an increased
level of perceived safety for people who might have safety concerns and chose not to
cycle. More fundamentally, the dependent variable measured, MRT ridership, does not
capture changes in access modes as people may substitute the bicycle for other means
of getting to the MRT stations. Without knowing actual commuter preferences and
responses to cycling infrastructure, what was done in the research is to use MRT
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ridership to approximate responses to differences in cycling infrastructure across
different geographical locations in Singapore. Ideally, in the context of first mile study for
morning peak hour travel, it would be good to first know how much do commuters'
perception on first mile barriers change as a result of first mile interventions. Future
research could examine more direct commuter responses, via interviews and surveys of
commuters and how they perceive the first mile problem and its relative magnitude in
influencing their travel mode choices. This is to support the theory that providing
dedicated bike lanes can lead to better safety conditions which can provide further
motivations to cycle. Following that, research on how these changed perceptions
actually lead to travel behavior change can be done by monitoring user levels. Next,
MRT ridership can then be observed for variation due to increased cycling.
Timeliness of research
Another critique of the research is the question regarding whether it is too soon to
gauge the impact of cycling infrastructure on MRT access. The first cycling paths
completed under the National Cycling Plan before April 2011 were a 1.2km stretch in
Tampines in 2010 and a 1.4km stretch in Taman Jurong. MRT Ridership comes from
the EZlink data in April 2011. The two assumptions here are that first, there is a
potential positive impact on ridership by these bike paths and second, that the impact
on ridership takes place in less than a year. Whether these two assumptions are valid or
not was not tested in this research. Testing the validity of these assumptions would
require finding out whether the new bike paths attract more cyclist after they are
implemented and how quickly do they attract new cyclists.
Factors outside the first mile
As this research defined first mile problems as existing outside the main mode of
transport (MRT), capacity issues on the MRT was excluded from the study. During
morning peak periods, the MRT system typically experiences heavy demand and this
could constrain ridership levels. As a result, improvements in ridership due to improved
first mile conditions could have been subdued. Controlling for capacity or crowding
effects on the MRT would also be important. This will require monitoring of actual train
conditions during peak hours or measuring whether MRT users can get on board the
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train or not. Alternatively, studies can also be done outside of peak hours when the
trains are less crowded.
Using updated data
Finally, the last critique for the research is difficulties getting the most up to date
dataset. For example, the dataset available only reflected completed park connectors
up to 2008. Park connectors that were opened between end of 2008 and April 2011
were not included. Future research could work with NParks to provide more updated
records on their park connector system.
6.2 Areas for future research
The current research embarks on an attempt to associate first mile traits and ridership
impact. There are many areas for further research which can address the shortcomings
in this research by using better data and refined research methods. However, the
research also produced interesting results which can be investigated further either in
Singapore or in other cities.
On cycling as a first mile solution
Cycling as a first mile solution is a relatively new phenomenon in Singapore and there
needs to be a sequential way to study its impact on transit ridership. Therefore, it may
be worthwhile to step back and look at the appeal of cycling at the individual level and to
understand what factors influence the decision to cycle to the MRT. Is safety an
important factor? Does provision for dedicated bike paths enhance commuter's safety
perception? These questions can be incorporated into surveys of residents before and
after new measures such as new bike paths are implemented. Surveys similar to those
used by Akar and Clifton (2009) for students and faculty around the Maryland Campus
(College Park) can be used and modified for residents in the various HDB towns in
Singapore.
After knowing the impact of bike infrastructure at the individual level, the research can
then progress into assessing the impact of cycling on other modes. For example, is
cycling to the MRT a competing mode to the feeder bus system? How effective are such
measures able to attract commuters who are currently driving? How fast can such new
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infrastructure induce a change in behavior and attract commuter who are currently
driving? To assess the impact of bike infrastructure on other modes, passenger surveys
and manual counts can be commissioned to find out the different access modes taken
by commuters at the various MRT station before and after an intervention.
Land development porosity as a first mile measure for walkability
In measuring the built environment for walkability, the current research employed an
index to measure land development porosity which theorizes that developments around
the MRT station which allow greater public access facilitates walking to the MRT station.
This measure appears to be more strongly correlated with MRT ridership compared to
more commonly used walkability measures like street length and road areas. However,
as many of the publicly accessible developments around the MRT stations comprise
high density public housing, there is also concern that this measure is also a proxy for
density. There is scope to examine development porosity more closely and control for
built density effects by including data on dwelling unit or population density near the
station. A more comprehensive comparison between porosity and other walkability
measures16 can be done as well and its relevance explored for other cities.
Another potential area of research would be to consider the impact of porous land
developments on biking. Ultimately, the main advantage for porous development is that
it enables pedestrians and possibly cyclists to take a more direct route to the MRT
station instead of going onto the streets. Hence, beyond the 800m walking range, it may
be worthwhile to explore if better land development porosity as a built environment
measure can help to promote cycling.
Measure for public transport as a first mile solution
Further research should be undertaken to include all forms of public transport as an
access mode and also to derive appropriate measures for public transport as a first mile
solution. The use of total number of services in this research is a simplistic method to
control for its contribution to ridership variation. A more effective control would be to
16 Other walkability measures such as link-node ratio, intersection density, street block size and
Walkscore (see http://www.walkscore.com/)
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consider the length of each service that stops at the MRT station. The challenge in this
area of work is to determine how far people will take trunk bus services as a feeder
mode in HDB towns. A possible entry point to this area of research would be to
scrutinize the EZ-Link transactions and isolate those who use trunk services to access
the MRT station on a regular basis.
First mile of non-work trips outside peak hour
The same dataset used in this research can also be used to examine first mile effects
on non-work trips occurring outside the morning and evening peak hours. As non-peak
period travel means that trains are less crowded, this area of research can provide
insights on whether peak hour MRT train capacity constrains potential ridership
increases due to first mile improvements.
Last mile of work trips during morning peak hour
At the destination end of the morning peak hour travel by public transport there is also
plenty of scope to explore the built environment effects on MRT ridership. However, a
different strategy for studying the last mile problem may be needed given the more
diverse built environments in employment areas.
Technological solutions for first mile problems
The thesis has examined primarily physical (bike lanes and bike parking lots) and land
use and urban design (porosity) types of first mile solutions. Technological solutions
such as provision of real time information of bus services may reduce the inconvenience
of public transit use. As there are not many technologies that address the first and last
mile issue, there is scope to look out for innovative practices, adapt them for Singapore
and study their effects on travel behavior.
77
APPENDIX
APPENDIX I - MRT STATIONS RIDERSHIP PATTERNS (11 APR 2011)
Type I Stations
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Type 3 Stations
Jurong East
6000
5000
400 - - -- - -- - - -- -- - - - - - -
3000 --- - - ---
2000
1000 |
Dover
1600 - - - - - -
1400 { - - - - - --
1000 --- ---- -- ----- -
000
600
400
200 - -
00 y&I -EIthiiifi[, L
102
Buona Vista
350~-
3000
2500 ----- - - -------
2500
2000 -"T" -T - ---r T.81
120 (--- - Q- l- -- Z Z Z -z (- R l - - -) - ~
..1 5 0....... .......... ................. ............ ....... -- . .. ... . ... ...... ... .... .... -----.. ............. . . . . .... . . . . . . . ..
10010
.............. ................. ... .
. ... ......... ............. . . . ............
120 0 . ....... .................. ..... .. ........ .... ........ ............... ..... ............. .... . ...... ......... . ........... .. .. ..... ...
18001.............................
6200
10
6103
Macpherson
1600
1400- - - - - - - --- -
1200 - ----... ---------- --- -__-
1000
800 - - - - - - - - - - -- --------
600
200 - - - - - - - --- - -- - - - -
Tai Seng
1400 - -
1200
1000 --- ---- --- - ----- - -- - -
800--- - - - - - - - - -r - - - -
600 - - - - - -- - - - -- - - - - - - - - - - - - - - - -
400 - - - - - - - - ---
200 . -- ---- -- -- -
104
Bartley
400
300 - -- - --- ---- --5  - . -.-.
250
200 + - - - - - -- -- -
100 - - - --- ----
50 --- __ _-- __ _-_
Marymount
700 n--- - - -- ____- ___
500
.500 -- - -
4oo -- - - -z - -Z -Z - - - -- -j -Z
400 - -
1300 I_
200- - -- - -i -
105
Joo Koon
2500
2000
1500
1000
500 ------------------  
- -~ ~~ 7 --" - - - - - - - - - - - - -'T I 111.- IT --
Outram Park
/LUU
2000 --5 - - - - - - - - - - - - - ------ 
2000 4-.....------- --- - ----- - -- - - - -- - -1500
100 - - --- TV''T - -, - - --- -I - - - - - TIIT
50 -- - - - Z 1. Q ( -Q -- -Z - - - - - I$ z Z - - -Z
106
- - - - - - -
+---------------------
z z z z
.Z Z Z z z z z z z z z z z z z z z zQS -Z -Z -Z Z Z Z Z Z -(3 -(3 -(3 Z Z -(3
-Q R) Sz) lZ Sz
S., 0'.t"O (0. C, (f5l r l roll
Tanjong Pagar
9000 ---- ------ ----- -- - --
8000 -
7000 -------- --- -- ----- _ _____-~ --- ____ -- _
6000
5000 - - - - - - - - - - -- ___ ___ _ __--- - - - -__ __ __ __ _
4000
3000 -------
2000
0~~ T, "r II-ETUU I,
0sfZJ Ir Irv , ~
Raffles Place
2500 - -- ------ --- - - ----
2000 -- ------- -
1500 {---------- - - --
1000 . - - -- - --... . . - - - --- - ,.. -. -- .... . --.-. . -...-.. -.-.-....-
107
City Hall
4500 r-
400 ...... ..o..o..-........ ...... ------- -- - - --- ----- ----- 
3 5 0 0 - - -. - -.... .... .400
3500 10 - ---- - -- --- - - -
2500 -- - -- - -
2000 -- --------
1000 
-
500 . --- i m i t i l
Bugis
3500
3000 1 - - - - -- ---
2500 --- --- Z_ -- Z- ---------- - - - ---- 
2000---
1500 - - -____ --5 -
1000
100
108
Expo
1200 ,--- --
1000...-.
800
600 - --- -- ----
400
2C
-- --- -- -__-7--iI
0
0 -- -- *I REI*iIIi Ii iII
I~~ -
............-.. - ...... 
- ...... . ..... - ... - -  ... ..... -
.(§ .(Z§l I -( , -( , -4 1 -§, -( , ( -(Z .(ZFI QP -4 1 -1 1 -( , q§l .(Z§l -1 1 -(ZQ) - (Z Sz) Z Sz) Szr -Z$. Sz - IZ Sz) Scj Sz) -Q) - IZ
4;§5 (p .,-,j rj r -Oj .'-,3 -Oj nj n3 .03 nj nj '15 03NN. rV rt,. r 0N N N N '. N<5. No. tNA . No. NCI*
Changi Airport
600 -- ----
500
300
200
100
0
U-U--U-U--U--U U-E-U-U-5-U-E-U-ff-U3~UII II
+--
I'll ''liii
-(I -- 0 g .§ - ( 0 ( < 0 * (
R)- -Kc- )- Z- )- ) Q) Z ) R
-. -
!b0* (50 . -
109
- ---- -
-
T..
Dhoby Ghaut
3000 -- - - - - - - - - - - --
2500 4--- -- - - - - - - -.-- - - - --. --- - -
....... . I i... ..
.II IIiiiiil I IlI
c& -Y IV le~ \0e V b b So 23
Somerset
2000 4
1500
1000 i - - - - - - - - - - --- - - - - - - -- i
500 ...... ...---- ------- -- - -
.T'ualF ll. L T"T
.o0s
~,0 ~,0)§5 .I .o9 ( .o§, .00l ( .oZ~ 00 Z .o0 .o0 o(2qy0 \0 ,- bK~ ~56134. r
110
2000
1500
1000
500
0
~YqV$/r~Y
"' 1111-V.
.. ....... T 7 'TT T-F' -TT-- 11" T T lr T T. .11.1 T -rl -T- "T" 7-
2 5 0 0- -- - - - - - - - - - - - - --
61 .(Z§l .61
01,
Orchard
4500 -- 
- -
4000 - ---
3000 --- - - - - - - - - ~~~
2500 -- ----- - - -- -
2000
~1500 -
1000 -
5O00 ---- - - - I - --
Newton
1000
800 --.-- - -~.. ~~- 
~ ~~ 
~
600 { -- - - --- ~ -~~
400 Z - - - - ~~~
200 --
04
0 . I J UJ....t I L IW........... .I 
4 0 0 \ 
. .. . - -- -- -
-- -- - -- -
- _
2001
Kranji
1200
1000
8001+ - - - - - - - -
600
400
200
0
I I I II - I
Chinatown
2500
2000
1500
500
0
a iliii
- I .I Ir I I Ii 1li7
(. - -4. 9 , Qi 1'- oz ( .Z ( -( -1 -, - (, -Zl - (
112
I. . l I .l.
--
iii
... ..... ---- ............
------------
I -(Z -(Z -( , -(Z -( , -, , -1  -( , -(Z -(Z§ ZZ -Qzi -( , -z) ZZI .(Z§l -( , ZZI ZZI
-Z z Z (Z -Z -Q) Sz - Q) 5) -Z) Q) - Q) Sz) AZ -Z) I-Q) IZ Sz) Q)
0 b b r O4: b' q3tb Ar5 ( 5 b P r5 C5 3
1000 .-- - - - - - - - - - - - - - - - - a -
-l"", 1, 11 r-l-r I rl r 1,;'l I 'lrl. T-1 rl I I-
Clarke Quay
1600 --- ~
1400-
1200 - -- - - -- ~ ~ ~ ~ ~ -
1000 -
800 - - --- -~ ~
600 -- - ~ ~ ~~ ~
400 - - ----
200
... ,+ ..---------- e 
.---- 
.
I.
Little India
1000
800 - - -- -- 
~
600 - - - - - ~ ~~
400 - - -- ~
200 Ii1
2
1 0 0 . .. . ...... ..... 
..........
113
HarbourFront
5000 -- ---
4500 -- 
- -
4000 - -.-.-.-.--.--
3500 + -
3000 - - -- -- - - -
2500 - - - -
2000 - -
1500 .
100011
Bras Basah
00 -- ---- 
- -- - -
- --
350 4-- - ---- --- - - -
300 t - -- - - - -(
20 - - - - - - -
1501 - -
100
50
150
114
Esplanade
500
450
400
350 - - -. - - - -..- - - - - ----- -- - -
300
250
200 - - ---------- - - - - ..
150 - -.. - - - - -..- - - - - - - - -------
0 -~
Promenade
1800 -- - - - - ~ - _ _ _--_-__~
1600 V- - - - - - - - - ~~-
1400
1200 ------------- - -
1000 - . - - - --- - --
800 4 - - - -
600 -- -- *- -ll -- ~
400 -- -_------ -i-
1200 ------ ~ ~ II~d ii rITliiII
115
Nicoll Highway
600 ---- - -- - - - - -
500 .- - -- - - - - - - - - - --..................
400 4 ------ -
300 - - - - - - - - - - -- - -
200 - --- - -- -- _ - -____ - - - ----
100 1111113
100
~ Y p j ~ pY~t I
1" T3.I"
Marina Bay
800
500 .- - ------ ------ ------ -
400 --
300 - - - - - - - - - - - - -
200 - - ---------
100 -
116
Novena
4000
3500 -- --
250 - -- - - - - - -- - - -
1500 - ---- -- - -2000{ .iirlliiitiiliH*H.lt.1111111
100 - - -
500
0p .. . .( .Z Iz ZP 61 -Z
co ,-A
117
APPENDIX 2 - SCATTER PLOTS OF RIDERSHIP AGAINST WALKZONE AND STREET
LENGTH
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APPENDIX 3 - DATA FOR REGRESSION MODELING
Station RIDERSHIP POROSITY BPATHS BLOTS FEEDL FEEDN TOTN BINT PR CPOPN MJINC MAGE Typel RESIDUALS
Tampines 19041.60 0.62 8.53 501 29.3 3 22 1 0 216763 3405.30 35.07 1 491.12
Pasir Ris 13219.00 0.43 11.33 600 26.1 3 16 1 1 132517 3894.05 33.37 1 -2882.03
Lakeside 12808.00 0.43 3.62 65 11.4 1 7 0 0 104188 3149.02 33.76 1 2052.52
Yishun 21470.20 0.68 1.62 263 64.4 5 17 1 1 128429.5 2992.48 35.24 1 3973.914
Sembawang 16596.80 0.46 8.21 418 0 0 5 1 1 71455 3494.55 32.26 1 1977.446
Bedok 14258.20 0.55 0.00 110 34.9 4 29 1 0 136428 3669.00 37.42 1 1313.189
Simei 8480.80 0.50 1.22 85 0 0 4 0 1 42860 3405.30 35.07 1 -1383.08
Kembangan 5339.20 0.07 3.02 141 0 0 11 0 0 57019.5 3669.00 37.42 1 1699.365
Pioneer 11571.80 0.51 0.00 40 4.8 1 8 0 0 71455.5 3149.02 35.24 1 1913.997
Chinese Garden 4924.00 0.46 0.00 27 10.1 1 2 0 0 84042 3364.87 36.41 1 -2977.12
Bukit Batok 10448.80 0.55 0.00 70 16.8 3 10 1 1 73411 3691.92 35.04 1 -1621.63
Bishan 11299.60 0.33 0.00 77 9.2 1 9 1 1 45002 4186.95 35.04 1 3
Ang Mo Kio 19959.80 0.73 0.66 109 32.5 4 16 1 1 133716 3295.42 38.49 1 3638.376
Woodlands 15828.40 0.48 0.00 334 88.4 8 27 1 1 116126.5 3041.84 32.46 1 194.3529
Admiralty 17537.60 0.62 0.00 242 43.8 2 5 0 1 95401 3041.84 32.46 1 4216.423
Serangoon 12816.20 0.33 0.00 79 22.6 2 23 1 1 29282.19 4024.78 37.36 1 4247.021
Hougang 10591.80 0.63 0.00 83 12.3 1 18 1 1 155585.5 3327.61 36.48 1 -5126.28
Kovan 5780.20 0.32 0.00 60 0 0 12 0 1 57525 3327.61 36.48 1 -2206.54
Kallang 4563.60 0.13 0.00 91 0 0 19 0 1 24904 3335.90 39.44 1 -682.362
Eunos 7739.40 0.26 0.00 102 0 0 28 1 1 45232.5 3187.43 38.13 1 -2591.1
Khatib 9706.60 0.38 0.00 80 42.9 2 14 0 1 52190 2992.48 35.24 1 -275.064
Marsiling 7495.00 0.34 0.30 40 0 0 10 0 1 67057 3041.84 32.46 1 -2553.8
Yew Tee 15031.20 0.48 0.00 88 18.7 2 3 0 1 78466 3540.34 33.07 1 5278.853
Choa Chu Kang 14140.40 0.53 3.12 153 32.8 4 12 1 0 216208 3540.34 33.07 1 -666.119
Bukit Gombak 7862.80 0.57 1.18 46 7.3 1 2 0 1 52844 3691.92 35.04 1 -2060.44
Buangkok 5002.40 0.53 0.00 122 0 0 3 0 0 13624 3613.95 32.57 1 -3015.67
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Station RIDERSHIP POROSITY BPATHS BLOTS FEEDJL FEEDN TOTN BJINT PR CPOPN MINC M AGE Typel RESIDUALS
Sengkang 9942.60 0.60 0.00 272 18.6 2 12 1 1 152258 3613.95 32.57 1 -4806.37
Punggol 3622.00 0.11 0.00 67 10.3 1 11 1 0 59134 3880.20 31.36 1 -1926.31
Boon Lay 13780.50 0.43 1.16 285 32.4 4 29 1 0 91837.5 3149.02 33.76 0 633.6833
Clementi 11425.80 0.55 0.00 35 15.3 3 22 1 1 99099 3810.50 38.45 0 -744.913
Commonwealth 5660.60 0.27 1.24 34 0 0 9 0 0 38476 3731.74 39.43 0 1556.049
Queenstown 4221.80 0.23 4.93 53 0 0 6 0 0 34539.5 3731.74 39.43 0 -362.608
Redhill 4984.60 0.32 0.00 68 0 0 5 0 0 29186 3333.02 39.66 0 293.9847
Tiong Bahru 8572.00 0.49 0.00 0 0 0 7 0 1 61219.5 3333.02 39.66 0 -154.034
Aijunied 8892.40 0.30 0.00 160 0 0 7 0 0 21946 3187.43 38.13 0 3614.762
Paya Lebar 5900.80 0.21 0.00 52 0 0 9 0 0 38224 3187.43 38.13 0 1359.418
Tanah Merah 6303.60 0.22 0.00 110 0 0 10 0 0 71726 3669.00 37.42 0 2082.654
Toa Payoh 11243.60 0.48 0.00 0 23.2 4 22 1 0 89736.5 3339.46 39.46 0 334.3914
Braddell 5438.60 0.47 0.00 0 7.1 3 4 0 0 24748 3339.46 39.46 0 -987.176
Yio Chu Kang 7441.80 0.23 0.00 64 0 0 9 1 1 38730 3295.42 38.49 0 -216.081
Farrer Park 4196.00 0.49 0.00 40 0 0 12 0 0 15115.5 3327.82 39.82 0 -2980.31
Boon Keng 4978.60 0.43 0.00 50 0 0 14 0 0 30005 3335.90 39.44 0 -1994.03
Potong Pasir 3749.40 0.16 0.00 61 0 0 7 0 0 19546 3339.46 39.46 0 952.6216
Mountbatten 1536.60 0.17 0.00 40 0 0 6 0 0 21216.5 3261.67 38.79 0 -1755.46
Dakota 1257.00 0.17 2.35 40 0 0 7 0 0 15656.5 3924.12 38.33 0 -1237.21
Lorong Chuan 1679.20 0.10 0.00 40 0 0 4 0 0 29282.19 4024.78 37.36 0 1100.397
Stadium 422.80 0.14 0.00 56 0 0 1 0 0 5560 3335.90 39.44 0 -1496.13
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APPENDIX 4 - VARIANCE INFLATION FACTORS FOR TRIAL REGRESSION
MODEL (MODEL 1)
Variable VIF
FEED N 11.17
FEED L 10.39
B LOTS 5.16
B INT 3.83
B PATHS 3.70
C POPN 3.54
M AGE 3.17
TYP 1 2.96
TOT N 2.94
POROSITY 2.54
PR 1.90
M INC 1.57
Mean VIF 4.41
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APPENDIX 5 - VARIANCE INFLATION FACTORS FOR IMPROVED REGRESSION
MODEL (MODEL 2)
Variable VIF
C POPN 3.42
B INT 3.41
TYP 1 2.71
TOT N 2.43
M AGE 2.37
POROSITY 2.14
PR 1.74
M INC 1.41
B PATHS 1.35
Mean VIF 2.33
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APPENDIX 6 - SCATTER PLOT OF RESIDUALS AGAINST FITTED VALUES FOR
IMPROVED MODEL (MODEL 2)
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Appendix 7 - Bootstrap trials for regression model (improved model)
Regression results for 500 repetitions
[500 REPS]
RIDERSHIP
Observed
Coef.
Bootstra
Std. Err.
p
z P>z
BPATHS 368.6288 245.6318 1.5 0.133
POROSITY 12244.09 3634.906 3.37 0.001
TOTN 88.82755 83.78677 1.06 0.289
BINT 1817.324 1591.927 1.14 0.254
PR 1297.813 1105.669 1.17 0.24
TYP_1 264.2652 1359.767 0.19 0.846
M INC -2.641063 1.803305 -1.46 0.143
MAGE -217.9935 288.1524 -0.76 0.449
CPOPN 0.0149386 0.020148 0.74 0.458
_cons 17382.83 11408.7 1.52 0.128
Regression results for 1000 repetitions
[1000 REPS]_
RIDERSHIP
Observed
Coef.
Bootstrap
Std. Err. z P>z
BPATHS 368.6288 240.1821 1.53 0.125
POROSITY 12244.09 3297.283 3.71 0
TOTN 88.82755 81.73148 1.09 0.277
BINT 1817.324 1565.962 1.16 0.246
PR 1297.813 1119.575 1.16 0.246
TYP_1 264.2652 1425.61 0.19 0.853
M_INC -2.64106 1.802707 -1.47 0.143
MAGE -217.994 288.2457 -0.76 0.449
C_POPN 0.014939 0.019419 0.77 0.442
_cons 17382.83 12230.26 1.42 0.155
Regression results for 2000 repetitions
[2000 REPS]
RIDERSHIP
Observed
Coef.
Bootstrap
Std. Err. z P>z
BPATHS 368.6288 253.339 1.46 0.146
POROSITY 12244.09 3600.042 3.4 0.001
TOTN 88.82755 81.21769 1.09 0.274
B INT 1817.324 1529.108 1.19 0.235
PR 1297.813 1101.465 1.18 0.239
TYP_1 264.2652 1372.88 0.19 0.847
M INC -2.641063 1.825702 -1.45 0.148
M AGE -217.9935 288.4626 -0.76 0.45
CPOPN 0.0149386 0.019454 0.77 0.443
_cons 17382.83 11870.2 1.46 0.143
124
Regression results for 4000 repetitions
[4000 REPS] Observed Bootstrap
RIDERSHIP Coef. Std. Err. z P>z
BPATHS 368.6288 248.7615 1.48 0.138
POROSITY 12244.09 3573.252 3.43 0.001
TOTN 88.82755 82.16808 1.08 0.28
B_INT 1817.324 1589.538 1.14 0.253
PR 1297.813 1118.048 1.16 0.246
TYP_1 264.2652 1373.783 0.19 0.847
M_INC -2.641063 1.83768 -1.44 0.151
MAGE -217.9935 282.4806 -0.77 0.44
C POPN 0.0149386 0.0195381 0.76 0.445
_cons 17382.83 11793.24 1.47 0.14
Regression results for 8000 repetitions
[8000 REPS]
RIDERSHIP
Observed
Coef.
Bootstrap
Std. Err. P>z
BPATHS 368.6288 246.8176 1.49 0.135
POROSITY 12244.09 3573.475 3.43 0.001
TOTN 88.82755 80.01818 1.11 0.267
BINT 1817.324 1558.634 1.17 0.244
PR 1297.813 1127.864 1.15 0.25
TYP_1 264.2652 1365.199 0.19 0.847
MINC -2.641063 1.833356 -1.44 0.15
MAGE -217.9935 284.4135 -0.77 0.443
C_POPN 0.0149386 0.0192143 0.78 0.437
_cons 17382.83 11731.16 1.48 0.138
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